A new trimethoprim resistance determinant, designated dhfrX, was identified in the In7 integron of pDG0100. The sequence of the dhfrX dihydrofolate reductase is up to 28% identical to the sequences of several known dihydrofolate reductase proteins. The dhfrX gene is adjacent to the second 3'-conserved segment of the In7 integron, but the first 77 bases of this segment are not present.
Many antibiotic resistance genes are found inserted at a unique site in a novel DNA element, the integron. Integrons (18) consist of two conserved DNA segments (5'-and 3'-conserved segments) located on either side of one or more inserted genes. The antibiotic resistance genes sequenced to date are all inserted in the same orientation and are transcribed from a common promoter in the 5'-conserved segment (8, 18) . Integrons thus act as an expression cassette for the inserted genes. Among the wide variety of antibiotic resistance genes found as integron inserts, four distinct isolated during an outbreak of gentamicin resistance at Royal North Shore Hospital, Sydney (6) . The plasmid pDGO101, which contains the cloned 7.7-kb BamHI fragment, confers resistance to gentamicin, tobramycin, and kanamycin (aadB gene) and also to trimethoprim and sulfonamides (6) . A detailed map of the BamHI fragment compiled from sequence and restriction mapping data (2, 9; this study) is shown in Fig. 1 . Both the aadB and dhfr genes are located within insert regions in an unusual integron which contains a partial duplication of the 3'-conserved segment (9) , and thus Localization of the trimethoprim resistance determinant of pDGO100. The map of the BamHI fragment of pDGO100 is compiled from restriction mqpping and sequence data (6, 9; this study). The 5'-and 3'-conserved integron segments are shown as thick lines, and the insert regions are shown as thin lines. The following genes are shown: int, DNA integrase; aadB, aminoglycoside adenylyl transferase; sulI, dihydropteroate synthase. The product of the open reading frame ORF4 is 41% identical to the product of the Staphylococcus aureus ebr gene, which specifies resistance to ethidium bromide and quaternary ammonium compounds (15) . Regions sequenced previously (2, 9) and in this study are indicated, respectively, by solid and hatched lines below the map. The DNA fragments subcloned are shown, and the trimethoprim resistance status of cells containing the subclones is indicated; R, resistant, S, susceptible. The following restriction sites are shown: BamHI (Ba), BglII (Bg), EcoRI (E), HindIII (H), PstI (Ps), Sacl (Sa), and XhoI (X). trimethoprim resistance gepes, dhfrI, dhfrII, dhfrV, and dhfrVII, have been identified (20) (21) (22) (23) 26) .
The trimethoprim resistance determinant studied here was fortuitously coisolated with the gentamicin resistance determinant aadB on a 7.7-kb BamHI fragment (6) (2, 8) . A DNA segment of 2.8 kb is located between the partial 3'-conserved segment and a second 3'-conserved segment (9) , and only one gene, which determines resistance to trimethoprim, has been identified in this intervening segment (6) . The 
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HindIII 1500 (20 ,ug/ml). The extent of the cloned fragments is shown in Fig. 1 , and the susceptibility of each clone to trimethoprim (20 ,ug/ml) is indicated. The trimethoprim resistance determinant was included in a 1.95-kb PstI fragment, but two subclones containing the 0.8-kb SacI-BglII fragment and the 1.84-kb BglII fragment, each of which included part of this region, did not confer trimethoprim resistance. Thus, the BglII site lies within the dhfr gene. As the PstI-PstI fragment includes approximately 0.8 kb of the 3'-conserved segment sequences, the trimethoprim resistance determinant should be located in the 1.15 kb between the PstI site in the insert and the start of the 3'-conserved segment (Fig. 1) . The restriction map of this 1.15-kb region does not resemble the map of any known plasmid-located trimethoprim resistance determinant, indicating that this determinant represents a novel dhfr gene. The MIC was determined on solid medium by published procedures (11) . For E. coli JM1O1(pDGO102) and JM101(pMAQ41), the MIC was 500 ,ug/ml.
The location of the dhfr gene adjacent to an integron 3'-conserved segment, together with the paucity of restriction sites within the gene, severely complicates the isolation of a diagnostic probe for this gene for use in epidemiological studies. The PstI fragment was therefore recloned into M13mpl8 and was sequenced on both strands by using standard procedures, as described previously (18) . The sequence is shown in Fig. 2 , and one open reading frame predicting a protein of 182 amino acids (molecular weight, 21,200) was identified in the appropriate region. A search for related sequences in translations of DNA sequences in the GenBank DNA data base (release no. 67) was performed by using the programme FASTA (12) . The amino acid sequence of several bacterial dihydrofolate reductase proteins showed up to 28% identity with this open reading frame. The similarity rose to 45% when conservative amino acid substitutions were considered. This provides strong support for the identification of this open reading frame as a novel trimethoprim-resistant dihydrofolate reductase, and the gene was designated dhfrX. The alignment of the dhfrX dihydrofolate reductase sequence with those of plasmid-encoded genes dhfrI, dhfrIII, and dhfrV (4, 5, 16, 20, 22) and an E. coli chromosomal gene folA (17) is shown in Fig. 3 (11, 23, 26) . The dhfrX gene is also distinct from dhfrIV and dhfrVI on the basis of comparisons of molecular weights (1) and with the N-terminal sequence of DHFR IV (24) . The restriction map of dhfrX is distinct from that of dhfrVII (25) , and the dhfrVII dihydrofolate reductase is reported to be closely related to the dhfrI and dhfrV reductases (21) . The sequence of an oligonucleotide diagnostic for the dhfrVIII gene (19) was not present in the dhfrX gene.
The dhfrX gene is not preceded by an integron 5'-conserved segment, and transcription from the common promoter located in this region, which is the case for most integron-associated genes, is thus not possible. A promoter for dhfrX is likely to be located in the PstI fragment sequenced in this study, because expression of trimethoprim resistance was found to be independent of the orientation of this fragment in pUC18. Two potential promoters, which show similarity to the E. coli consensus promoter (10) , were identified in the region preceding the dhfrX gene and are underlined in Fig. 2 . A potential ribosome-binding site is also indicated in Fig. 2 .
The junction between the unique sequence and the 3'-conserved segment sequences is indicated by an arrow in Fig. 2 . The sequence from this point to the PstI site (position 1948 in Fig. 2 ) is identical to that of other 3'-conserved segments (9, 18, 20) , but the first 77 bases of the 3'-conserved segment are not present. The start of the 3'-conserved segment is defined by comparison of the junctions of insert regions with the 3'-conserved segment sequences and is identical in all previously published cases (18) . It therefore seems likely that the 77 bases that are missing from the sequence reported here were deleted at some stage in the evolution of In7. The coding regions of both the sulI gene and the open reading frame ORF4 which precedes sulI (18, 20) are present in the truncated 3'-conserved segment sequences following dhfrX. However, the promoter which normally precedes these genes (7) is absent, and only 36 bases separate the coding regions of dhfrX and ORF4. As plasmid pDGO102 confers resistance to sulfonamides, it seems likely that sulI is expressed by cotranscription with the dhfrX gene. The location of the dhfrX gene adjacent to the 3'-conserved segment suggests that it may have been inserted by the site-specific gene insertion mechanism which is responsible for the insertion of genes located between a 5'-and 3'-conserved segment (8, 18) . In integrons, each insert gene is associated with a short imperfect inverted repeat element, a member of the 59-base element family, which is found at the 3' end of the gene (2, 8) . The 59-base elements act as sites in the site-specific recombination event which is responsible for gene insertion (8, 14) . However, a sequence exhibiting the features of 59-base elements (see reference 8 for a complete compilation of 59-base element sequences) was not found at the 3' end of the dhfrX gene. Indeed, only four bases separated the stop codon of dhfrX from the 3'-conserved segment sequences, and it is possible that a 59-base element was originally associated with the 3' end of the dhfrX gene, but was deleted together with the 77 bases which are missing from the beginning of the 3'-conserved segment.
The availability of the sequence for the dhfrX gene will allow the design of a probe specific for this gene for use in epidemiological studies. This should prove particularly useful in detailed studies to determine if the outbreak of gentamicin resistance in gram-negative organisms at Royal North Shore Hospital was due to the spread of the In7 integron.
Nucleotide sequence accession number. The dhfrX gene sequence has been assigned GenBank DNA data base accession number M69220.
